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SUMftRX 


A  controlled  study  of  two  proprietary  floating- 
type  corrosion  inhibitors  and  oathodio  protection  for 
use  in  floating  drydook  ballast  tanks  is  described  in 
this  report* 

Test  ooupon  results  after  exposure  for  one  year 
indicate  that  a  floating-type  inhibitor  can  effective¬ 
ly  retard  corrosion  in  the  wet-and-<lry  and  dry  zones 
and  will  provide  at  least  temporary  protection  in  the 
wet  sone*  Cathodic  protection,  effective  only  on  a 
submerged  surface,  is  shown  to  achieve  a  70-per  cent 
reduction  in  corrosion  under  severe  exposure  conditions* 
Cathodic  currents  were  reduced  by  a  factor  of  five  when 
used  with  a  floating  inhibitor*  No  serious  interference 
was  detected  when  the  two  methods  were  used  together* 

A  comprehensive  field-testing  program  is  recomm¬ 
ended  to  correlate  laboratory  studies  and  ln-eervloe 
results* 


INTRODUCTION 


The  magnitude  of  corrosion  and  corrosion  mitigation  measures  for  fuel 
and  ballast  compartments  of  floating  equipment  has  exacted  considerable 
study  by  both  government  and  private  organisations.  x»2  This  problem  has 
been  encountered  by  the  Bureau  of  Yards  and  Docks  in  the  maintenance  of  the 
ballast  oompartmente  of  floating  drydoeks.  The  drydoeks  usually  operate  in 
sea  water  and  are  looated  in  many  parts  of  the  world. 

The  interior  of  the  compartments  can  be  classified  into  three  zones  as 
follows t  (1)  wet  (permanently  submerged).  (2)  vet-and-dry  (wet  or  dry,  de¬ 
pendent  upon  the  water  level  during  normal  operation  of  the  drydock) ,  and  (3) 
dry  (above  the  normal  high  water  level).  Corrosion  is  extensive  throughout 
the  interior  of  the  drydock  oompartmente.  Although  no  quantitative  data  are 
available  on  corrosion  rates  in  the  respective  cones,  visual  inspection  of 
interior  stiffeners  has  indicated  that  the  vet-and-dry  and  the  dry  zones  may 
actually  suffer  the  most  corrosion.  It  has  been  reported  that  the  upper 
portions  of  tanker  oompartmente  carrying  fuel  and  sea  water  ballast  are  more 
susceptible  than  the  permanently  submerged  areas.  A  serious  result  of  this 
rusting  is  the  weakening  of  structural  members  and  the  pitting  of  internal 
piping. 

The  complex  structure  of  the  oompartmente  and  the  poor  accessibility  of 
oertain  areas  make  proper  surface  cleaning  and  recoating  difficult,  costly, 
and  ti mo-consuming.  Therefore,  to  obviate  the  problems  associated  with 
manually-applied  coatings,  less  costly  and  more  permanent  methods  of  inhibition 
are  being  investigated,  individual  experimental  applications  of  cathodic  pro¬ 
tection  *  and  floating-type  Inhibitors,  ',6  in  use  for  several  years  by  the 
Bureau  of  Yards  and  Books,  have  shown  promising  results.  However,  limitations 
inherent  in  each  method  do  not  always  permit  optimum  protection  of  all  areas 
of  the  ooapartmenta. 

The  purpose  of  this  investigation  was  to  determine  the  compatibility  and 
comparative  effectiveness  of  two  proprietary,  floating-type  organic  inhibitors, 
end  cathodic  protection  techniques  for  sea  water  ballast  compartments  of  float¬ 
ing  drydocks.  The  study  was  ooaducted  under  Pro jeot  NY  450  004,  GomneAoa 
Prevention  and  Special  Coatings,  Subtask  4.  Cathodic  Protection.  The  primary 
objective  of  this  subtask  is  to  develop  satisfactory  methods  for  employing 
oathodie  protection  in  order  to  prevent  or  inhibit  corrosion  of  submerged  or 
burled,  metal  surfaoes. 

THEORETICAL  CGNSIDLRATIONS 

The  electrochemical  oorroaion  of  steel  structures  in  a  sea  water  environ¬ 
ment  or  atmosphere  has  been  extensively  described ,  Y»°  Other  contributing 
factors  such  as  structural  stresses,  metal  composition,  temperature,  humidity. 
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the  accessibility  of  the  area  to  be  protected  and  the  availability  of  external 
power.  Experience  has  indicated  that,  in  tanker  compartments,  the  vet-and-dry  I 

sones  receive  protection  approximately  proportional  to  the  amount  of  time  sub¬ 
merged,  3  Sinoe  no  protection  is  afforded  areas  above  the  high  water  level  end 
only  partial  protection  is  achieved  in  vet-end-dry  areas,  a  cathodic  protection 
system  oust  be  justified  primarily  on  the  basis  of  oorrosion  reduction  within 
areas  below  the  normal,  low  water  level. 

Comprehensive  reviews  of  the  aetion  of  inhibitors  have  been  published.  U-t12 
Although  oorrosion  inhibition  la  attributed  to  both  physical  adsorption,  and 
chemisorption,  the  exact  mechanism  for  inhibition  is  still  controversial .  It  is 
generally  ooneluded  that  the  inhibitor  moat  function  by  increasing  the  electro- 
lytic  reeistanee,  or  polarising  either  the  anodic,  the  cathodic,  or  both  areas  of 
the  corroding  surf  aou . 

l 

The  intake  and  disoharge  of  ballast  water  for  each  dry-docking  would  appear 
to  make  the  use  of  a  water-soluble  inhibitor  uneconomical  if  a  fresh  supply  of  \ 

inhibitor  were  required  for  each  change  of  water.  Thus,  an  inhibitor  which  is 
relatively  insoluble  in  water  and  oan  be  applied  with  a  minimum  of  labor  is 
desirable.  Preliminary  studies  of  ohamioal  compounds  used  as  .floating  oorrosion 
inhibitors  have  shown  promise  in  six-month  laboratory  testa.  These  coatings 
usually  consist  of  a  petroleum-vehicle  with  ohendoal  additives.  The  chemical 
additives  assist  in  displacing  water  from  the  metal  surface  and  form  a  non- 
corrosive,  protective  film  which  adheres  to  the  metal  surface .  The  coating 
material  is  added  to  the  ballast  compartments  in  sufficient  amounts  to  maintain 
a  continuous  floating  film,  and  to  reooat  the  metal  surface  as  the  ballast  water 
level  is  changed •  While  the  protective  action  of  floating  inhibitors  is  usually 
restricted  to  those  areas  vhloh  con  be  reooated  through  normal,  water  level 
changes,  areas  above  and  below  oan  be  coated  initially  by  spraying  or  brushing* 

Periodic  dewatering  or  filling  to  extrema  levels  will  provide  additional  pro¬ 
tection  to  areas  not  normally  coated. 

■ 

TEST  FACILITIFS  AND  HTTHCDS 

A  standard  teat  procedure  has  been  established  for  the  evaluation  of  float¬ 
ing  Inhibitors  (MIL-C-17936,  Ships)  •  However,  the  addition  of  cathodic  protection  | 
with  its  asaooiated  current  distribution  system  made  it  desirable  to  conduct  the 
combined  teat  in  tanks  large  enough  to  require  a  current  magnitude  which  oould  ** 

be  easily,  controlled  and  measured.  It  was  also  desirable  to  provide  sufficient  I 

interior  area  for  mounting  duplicate  sets  of  test  coupons  in  each  of  throe  ex-  * 

posure  zones.  Standard  T6B,  1000-gal  pontoons  were  readily  available  and  re-  9 

quired  only  slight  modification.  The  pontoons  shown  in  Figure  l,vere  located  on  J 

the  shore,  adjacent  to  a  sea  water  harbor,  and  were  equipped  with  a  suitable  1 

piping  and  pumping  system  to  simulate  drydoek  ballast  operations.  Because  the  1 

frequency  and  rata  of  water  level  ohanges  vary  considerably  with  the  size  and  | 

location  of  various  drydooka,  a  oyoling  period  of  two  weeks  was  arbitrarily  chosen,  I 
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The  pontoons  were  simultaneously  filled  with  fresh  sea  water  to  the  upper  limit. 

12  in,  below  the  top  of  the  pontoon,  and  allowed  to  remain  full  for  one  week.  The 
water  level  was  then  drained  simultaneously  to  the  lower  limit,  16  In.  above  the 
bottom  of  the  pontoon,  where  it  remained  for  an  additional  week*  Filling  and  - 

draining  rates  of  approximately  1-1/4  in.-per-oinute  were  used* 

Commercially  available  floating  inhibitors  can  generally  be  classified  into 
two  groups.  The  material,  termed  Type  I  in  this  report,  is  normally  nongelling 
and  is  obtainable  ready-mixed.  The  Type  II  material  is  a  two-oomponent  product 
composed  jot  an  inhibitor  and  a  diluent.  The  inhibitor  -gradually  gala  into  a 
semisolid  coating  which  tends  to  build  up  on  the  metal  surface.  The  diluent  is 
added  as  required  to  maintain  the  viscosity  of  the  residual  floating  material  at 
a  point  low  enough  to  permit  the  reooatlng  of  vertical  surfaoes. 

Since  it  was  desirable  to  determine  both  the  efficiency  and  the  compatibility 
of  the  two  types  of  materials  with  oatbodio  protection,  a  test  facility  comprised 
of  six  pontoons  was  employed.  Bon  toon  No ,  1  contained  Type  I  inhibitor  only. 

Pontoon  Mo.  2  contained  an  impressed  current  oatbodie  protection  system  only. 

Pontoons  Nos.  3  and  4  contained  impressed  current  cathodic  protection  systems 
oombined  with  Type  I  and  Type  II  inhibitors,  respectively.  Pontoon  No.  5  con¬ 
tained  a  galvanic  anode  oathodio  protection  system  with  a  Type  I  inhibitor.  Pontoon 
No.  6  contained  Type  II  inhibitor  only. 

The  two  different  anode  types  {impressed  current  and  galvanic)  were  incorporated 
in  the  cathodic  protection  installations  to  determine  their  individual  reactions 
when  coated  with  the  inhibitor.  The  anodes  were  mounted  horizontally  on  l/2-in, 
studs,  weldsd  to  the  bottom  atiffer^vs  of  the  pontoon.  The  graphite  anodes,  em¬ 
ployed  in  Pontoons  Nos.  3  and  4,  were  appropriately  drilled  in  two  places  to 
accommodate  phenolic  resin-laminated  sleeves,  which  insulated  them  from  the 
mounting  etude.  The  Durlron  anode,  used  in  Pontoon  No.  2,  was  bolted  with 
polyvinyl-plastic  screws  between  two  pieces  of  phenolic  resin-laminated  sheeting. 

The  magnesium  anodes,  mounted  in  Pontoon  No.  5,  were  rectangular  in  shape  with  a 
pipe  core  extending  through  the  center,  and  were  mounted  in  the  same  manner  as  the 
graphite  anodes.  An  external  lead  was  soldered  to  a  washer  that  was  bolted  to  the 
pipe  oore,  and  the  whole  connection-area  was  filled  with  an  oil-insoluble  potting 
oocpound.  Five  magnesium  anodes  were  originally  mounted  on  the  bottom  to  insure 
adequate  ourrent  distribution.  It  was  found  that  one  centrally  located  anode 
sufficed.  The  top  of  the  anodes  were  approximately  fifteen  in.  from  the  bottom 
of  the  pontoon  and  were  in  the  permanently  wet.  zone. 

A  selenium  rectifier  supplied  the  power  for  the  impressed  ourrent  anodes  and 
suitable  rheostats  were  incorporated  in  all  anode  leads  for.  .current- control,  By 
mounting  them  on  wooden  dunnage  and  using  plastic  pipe  nipples  in  the  external 
piping,  the  pontoons  were  electrically-insulated  from  eaoh  other. 

,  Because  of  the  shielded  areas  under  the  stiffeners  and  in  the  pontoon  corners 

a  potential  of  1.0  volt  negative,  with  reBpeot  to  a  copper  sulfate  reference  cell 
at  the  high  water  level,  was  considered  optimum.  All  potential  readings  were 
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measured  on  a  weekly  schedule,  with  a  potentiometer-voltmeter,  before  the  water 
level  was  changed.  Since  contamination  of  the  porous  plug  of  the  half  oell  by 
the  floating  inhibitor  would  influence  potential  readings,  a  balsa  wood  float 
with  a  plastio  pipe  4  in.  long  and  2  in.  in  diameter  extending  through  the  center 
was  constructed.  The  assembly  was  floated  on  the  surfaoe  of  the  inhibitor,  with 
one  end  of  the  pipe  protruding  into  the  sea  water.  All  inhibitor  was  removed 
from  the  interior  of  the  pipe,  and  the  half  oell  was  lowered  into  the  sea  water 
through  the  pipe. 

The  effectiveness  of  the  two  methods  of  corrosion  mitigation  was  determined 
by  the  use  of  preweighed,  l/4-in,  thick,  mild  steel  test  coupons.  The  coupons 
were  sandblasted  and  mounted  as  shown  in  Figure  2,  in  each  of  the  three  exposure 
zones.  Sandblasted  coupons  were  used  because  of  their  ease  in  handling,  and 
because  of  the  accuracy  that  they  afforded  in  corrosion-loss  determination.  Two 
ooupons,  one  of  which  was  electrically  insulated,  were  bolted  to  the  interior 
surfaces  of  the  pontoons  that  contained  cathodic  protection.  Insulated  test 
ooupons  located  in  Pontoon  No.  2  were  used  as  controls  for  determining  the 
corrosion  rate  of  unprotected  coupons. 

The  interiors  of  the  pontoons  were  initially  covered  with  a  thin  coating  of 
rust,  which  covered  over  about  25  per  cent  of  the  surfaoe  area.  The  remaining 
75  per  cent  of  the  area  was  covered  vrith  mill  scale.  The  bbttome  of  the  pontoons 
were  spotted  with  powdered  rust  and  were  dampened;  but  there  were  no  water  puddles 

After  installing  the  test  ooupons,  approximately  2-1/2  gallons  of  the  proper 
floating  inhibitor  were  applied  with  standard  paint-spray  equipment.  The  under¬ 
side  of  the  pontoon  tops,  and  the  bottom  and  side  surfaces  one  foot  above  the 
bottom,  were  coated  in  this  manner.  Sea  water  was  slowly  admitted  to  the  pontoons 
until  the  level  had  reached  one  foot.  Additional  inhibitor,  in  the  amount  pres¬ 
cribed  by  the  inhibitor  manufacturer  for  this  size  tank,  was  added  to  the  pontoon. 
The  water  level  was  then  raised  until  the  entire  interior  of  the  pontoon  was  fill¬ 
ed.  This  level  was  maintained  for  ten  minutes.  Then,  the  water  was  lowered  to 
the  16-in.  depth  level*  The  water  remained  at  the  lower  level  for  twenty-four 
hours  and  then  the  tanks  were  completely  filled.  Upon  dewatering  to  the  lover 
level,  the  cathodic  protection  systems  were  energised  and  the  regular  two-week 
cycling  sohedule  was  maintained  for  one  year. 

An  additional  amount  of  diluent  was  added  to  the  Type  II  inhibitor  on  two 
occasions  as  the  material  gelled  beyond  the  prescribed  viscosity.  A  small  amount 
of  Type  II  inhibitor  was  also  added  during  the  test  to  maintain  a  uniform  layer 
on  the  water  surface. 

"•If 

All  test  ooupons  remained  in  position  for  one  year.  At  the  completion  of 
the  study,  the  coupons  were  removed,  steam-cleaned,  washed  with  solvent,  and 
eleotrolytioally  desoaled  in  a  five  per  cent  sulphuric  acid  sea  water  bath,  con¬ 
taining  a  rust  inhibitor,  the  ooupons  were  wire-brushed  and  weighed  immediately 


aft«r  drying.  Calculations  of  weight  leas  and  corrosion  rates  were  made,  as 
shown  in  the  Appendix, 

TEST  COUPON  DATA  RESULTS 

Table  I  lists  the  individual  coupons  according  to  location,  size,  and 
weight  loss.  In  general,  the  losses  were  oharaoteristio  of  corrosion  phenomena 
in  that  considerable  variation  was  experienced.  However,  in  two  oases,  ex¬ 
cessive  weight  losses  were  found  which  were  apparently  not  representative.  One 
coupon,  Ho.  2,  located  in  the  wet  zone  of  Pontoon  Mo,  1,  was  visually  detected 
as  not  being  adequately  ooated  on  one  side.  Coupon  No.  66,  located  in  the  wet- 
and-dry  zone  of  Pontoon  No.  2  had  become  insulated  from  the  pontoon  and  received 
very  little  protection.  The  data  from  these  two  coupons  was  not  included  in  the 
results  reported  in  Table  II,  the  list  of  corrosion  rates  of  test  coupons  in 
various  exposure  zones. 

As  anticipated,  the  corrosion  rate  for  sea  water  only,  in  the  wet  zone  was 
less  than  that  experienced  in  the  wet-and^lry  and  dry  zones.  Although  the  degree 
of  protection  afforded  by  cathodic  protection  appears  low  in  the  wet  zone,  it 
should  be  noted  that  the  coupons  were  mounted  parallel  to  the  interior  surface 
and  stood  out  approximately  three-quarters  of  an  inch  fron  the  surface.  It  was 
believed  that  this  mounting  position  would  better  duplicate  areas  shielded  from 
the  anodes,  such  as  the  underside  of  stiffeners  and  the  pontoon  corners.  Thus, 
the  measured  corrosion  rates  of  these  coupons  is  indicative  of  one  of  the  more 
severe  exposure  conditions  encountered  in  ballast  tanks  subjected  to  cathodic 
protection.  The  favorable  protection  afforded  the  coupons  which  had  received 
only  the  initial  application  of  floating  inhibitor  and  no  cathodic  protection 
was  surprising.  Upon  removal,  after  one  year  of  exposure,  the  coupons  in  the 
wet  zone  had  lost  their  shiny,  oily  appearance,  and  isolated  areas  were  beginning 
to  show  some  rusting,  indicating  that  the  coating  was  on  the  verge  of  failure* 

Ho  interaction  affecting  the  individual  protective  abilities  of  the  two  techniques 
was  observed  or  detected  by  coupon  losses  which  are  shown  in  Table  II, 

A  breakdown  of  coupons  in  the  vet  zone  into  those  vertically  and  horizon¬ 
tally  mounted  is  shown  in  Table  III,  Corrosion  losses  for  cathodioally  protected 
coupons  in  the  wet  zone  were  virtually  independent  of  ooupon  orientation.  The 
greater  losses  exhibited  by  vertically  mounted,  inhibitor-protected  coupons  is 
attributed  to  the  tendency  of  the  inhibitor  to  drain  off  of  the  metal  surface. 
Those  coupons  protected  by  both  techniques  exhibited  negligible  corrosion  losses, 
(See  Figure  3). 

As  illustrated  in  Table  II,  the  performance  of  the  floating  inhibitors  in 
the  wet-and-dry  zone  was  definitely  superior  to  cathodio  protection.  If  it  is 
assumed  that  the  surfaoe  of  a  cathodioally  protected  ooupon,  facing  the  anode, 
receives  100-per  cent  protection  while  submerged,  it  is  doubtful  if  this  same 
surfaoe  would  reoeive  over  50-per  cent  protection  under  the  wet-and-dry  exposure 


oondlttooe  employed*  No  Additional  protection  vaadisoernible  in  this  nm  far 
these  ooupone  reoeivirig  oathodie  currents  in  oonjunotdhn  with  the  inhibitor# 

Flgttr*  4  shows  ooupotts  that  wen*  exposed  In  the  wet-and-dry  none*  . 

Oorroaion  losses  were  also  negligible  for  coupons  located  In  the  dry  zone,- 
and  Initially  covered  with  inhibitor,  as  shown  in  fable  IX#  The  ooupon  surfaces, 
illustrated  in  Figure  5,  retained  their  oily  appearanoe  except  in  the  upper 
portion  of  vertically  Mounted  ooupona,  where  rusting  had  oooraenoed  partioularly 
on  these  coated  with  Type  I  inhibitor*  -The  Type  n  inhibitor  retained  its. 
tackiness  and  adhersd  very  veil  to  the  Ooupon  surface*  The  ooupone  that  Mere  in 
the  pontoon  without  inhibitor  were  completely  covered  by  rust,  with  ruat  nodulee 
prevalent  in  about  25  per  oent  of  the  surface  area*  Although  pitting  was  acre 
evident  in  the  dry  zone  than  in  the  other  areas,  no  pits  deeper  then  one arlvtaecth 
of  an  inch  were  found*  In  general,  the  ooupone  closely  resembled  the  pontoon 
interior  surfaces* 

<  ,  i  .  .  _  . 

’  '  *  *  •  *  * .  •’ 

During  the  teat  period,  the  differences  in  oorroeion  rates  within  the  dry 
tone,  between  the  pontoon#  with  and  without  floating  inhibitor  beoane  visibly  i 
apparent*  In  addition  to  rust,  the  presence  of  condensed  moisture  waa  found  on 
ttte  underside  of  the  horizontal  surfaces  in  the  pontoon  without  inhibitor*  •• 

No  special  precautions  had  been  taken  to  oontrol  the  temperature  or  humidity 
inside  the  pontoons  because  of.  their  symmetry,  and  because  of  the  location  of  the 
test  facility*  The  15  in.  by  23  in.  manhole  was  covered  with  a  bolted -down 
1/4-in.  plate  but  it  wai  not  airtight*  A  2-in*  vent-pipe  was  uncapped  when  fill¬ 
ing  or  draining  the  tanks*  Simultaneous  measurements  of  the  temperature  and. 
relative  humidity  of  the  interior  of  pontoons,  with  and  without  floating  inhibitor, 
and  of  exterior  ambient  conditions  wore  mads  for  one  week  with  individually  re¬ 
cording  hygro -thermo graphs ,  The  differences  between  the  two  pontoons,  as  shows, 
in  Figure  6,  are  not  striking  but  they  are  believed  significant  since  the  humidity 
in  the  pontoon  with  floating  inhibitor  rarely  reaohes  the  dev  point  (100  per  oent)  * 
By  contrast,  the  relative  humidity  in  the  pontoon  without  floating  inhibitor  ia 
oontJiwally  maintained  at,  or  near,  the  dew  point* 

A'*' 

The  reoorda  of  cathodic  protection  current  and  potential  values  illustrate 
the  difficulty  in  maintaining  static  conditions »  Potentiometer  readings  wt 
taken  seconding  to  a  weekly  schedule* 

As  previously  stated,  it  was  hoped  that  a  current  level  could  be  established 
which  would  maintain.  A  potential  of  1.0  volt  negative,  with  respect  to  a  copper 
sulfate  half  cell.  However,  with  the  weekly  obanges  in  water  level,  the  use  of 
one  rectifier,  and  the  low  driving  voltage  required  for  the  three  impressed 
current  systems,  it  was  impossible  to  reach  equilibrium  conditions*  Between  the 
ninth  and  eleventh  weeks  of  operation,  faulty  reotifler  contacts  and  modification 
of  the  current  oontrol  eye  terns  caused  an  inadequate  supply  of  ourreut  end  a  re¬ 
sultant  low  potential*  Fluctuations  were  particularly  troublesome  in  the  system 


/  * 

/  '  ■ 
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using  eathodlo  protection  only,  u  indicated  la  the  upper  portion  of  Heart  7 


.,v>l  - 


low  wmtor  level# ,  Initially,  an  average  impressed  current  of  1*3  amp  wee  aupplisd 
to  tbo  pontoon  with  oathodio  protaotlon.  A a  mm  oaloavtoua  dapoalta  accumulated 
oqtbo  natal  surface,  tha  ourrent  requirement#  gradually  decreased  to  a  value  of 
, about  1*1  anp  at  tha  tod  of  tha  teat* 

There  wee  very  little  difference  In  impreased  currant  requirements  between 
tha  two  pontooaa  containing  inhibitor  only  .as  ahown  In  figure  8*  An  average 
Initial  ourrent  of  0*15  amp  waa  laprtaaed  into  the. pontoon  with  Type  1  inhibitor, 
and  approximately  0.10  up  wee  iopreaaed  into  the  pontoon  with  Type  II  inhibitor* 
Themverage  final  current#  were  increased  to  about  0*25  amp  for  both  of  theae 


The  ourrent  and  potential  for  tha  pontoon  equipped  with  the  galvanio  anode 
waa  sore  stable*  An  avuraga  ourrent  of  approximately  0*10  anp  waa  able  to  main¬ 
tain  tha  deaired  potential*  The  lower  ourrent  requirement  for  this  pontoon  waa 
attributed  to  either  slight  differences  in  tha  condition  of  the  interior  surfaoe, 
or  to  tha  increasing  concentration  of  magnesium  lone  in  the  electrolyte,  ea  the 
anode  was  oonsumsd*  The  pH  smasuresMnts  of  the  residual  water  at  tha  end  of  the 
study  indicated  a  slightly  higher  condition  (more  alkaline)  than  in  the  other 
pontoons*  However,  the  difference  in  pH  was  not  great  enough  to  explain  tha 
differences  in  ourrent  amounts  that  were  required* 

The  lower  ourrent  requirsasnts  for  the  surfaces  ooated  with  tha  floating 
inhibitor  are  significant  and  emphasise  tha  value  of  using  a  ooating  with  eathodlo 
protection*  This  reduction  in  current  may  not  decrease  tha  number  of  anodes  be¬ 
cause  of  the  current  distribution  problem  but  it  should  materially  reduce  the 
else  of  anodes  and  tha  current  oapaelty  of  associated  ooaponente*  The  current 
eentrol  problem  is  also  minimised  because  of  the  reduced  current  fluctuations 
caused  by  water  level  ohanges* 

Potential  measurements  also  were  taken  in  the  pontoons  containing  floating 
inhibitor  only,  and  era  plotted  la  Figure  9*  Unfortunately,  no  neanuresmnts  were 
recorded  between  the  first  and  twelfth  weeks*  Tha  differences  between  tha  two 
lakdhitorti  potential  readings  were  attributed  to  special  efaenioal  additives  con¬ 
tained  in  the  basic  material*  Type  II  material  is  known  to  contain  lanolin  and 
•mall  amounts  of  eresylie  sold  which  oould  aooount  for  the  more  negative  potent¬ 
ials*  It  it  understood  the  Typo  I  material  contains  a  watting  agent  additive, 
bet  no  specific  corrosion  inhibitor  was  added*  The  initially  mors  negative 
potential  of  the  surfaces  ooated  with  type  I  material  was  apparently  caused  by 
the  inherent  polarising  action  of  the  material  itself*  The  potentials  gradually 
teerfsed  as  the  polarising  constituents  were  dissipated* 

On  two  separate  oooasions.  the  water  level  waa  lowered  to  raooat  the  graphite 
ansdes  with  tha  fleeting  inhibitor  la  order  to  dotaradao  if  the  ooating  would 


*  have  any  effect  on  the  current-discharge  efficiency  of  the  anode*  The  water 

level  was  immediately  raised  and  current  measurements,  before  and  after  recoating, 
coincided  within  a  period  of  minutes .  Figure  10  illustrates  the  condition  of  the 
x  graphite  anodes,  in  use  with  the  floating  inhibitor,  at  the  completion  of  the 
test*  The  graphite  anode,  on  the  right,  was  wiped  relatively  clean  to  clearly 
exhibit  areas  where  the  greater  portion  of  the  current  had  been  discharged*  These 
areas  were  pitted  to  a  depth  of  about  and  it  is  not  known  if  pitting  would 

have  become  more  severe,  or  if  a  greater  surface  area  of  the  anode  would  be  util¬ 
ised,  if  higher  current  densities  were  used.  Admittedly,  the  anodes  were  much 
larger  than  necessary  because  the  current  requirements  could  not  be  accurately 
predicted  before  the  study  began.  The  magnesium  anode  appeared  to  deteriorate  in 
a  normal  manner  and  is  shown  in  Figure  11*  After  the  study  had  progressed  for 
six  months,  this  anode  was  the  sole  souroe  of  ourrent  for  Pontoon  No*  5*  Evol¬ 
ution  of  a  gas  that  was  assumed  to  be  hydrogen  was  evident  by  the  accumulation  of 
bubbles  on  the  surface  of  the  floating  material  directly  above  the  anode*  Because 
of  the  relatively  small  amount  of  ourrent  discharged,  this  phenomenon  was  not 
serious  * 

After  six  month's  exposure  to  Type  II  inhibitor,  swelling  of  the  neoprene- 
jacketed  electric  cable  was  observed*  The  swelling  increased  the  diameter  of  the 
.  cable  by  one-fourth,  and  softened  it.  This  could  ultimately  reduce  the  cable's 
abrasion  resistance*  Neoprene  is  susceptible  to  swelling  in  certain  aromatic 
solvents,  chlorinated  hydrocarbons,  and  creosote, 

«a 

The  phenolic  resin-laminated  insulating  material  used  for  mounting  the  anodes 
showed  a  slight  tendency  to  warp  and  to  split  after  one  year  of  exposure* 

CONCLUSIONS 

Under  the  conditions  specified  for  simulating  the  operation  of  ballast  tanks 
for  a  floating  drydock,  several  conclusions,  based  upon  the  corrosion  losses  of 
preweighed,  sandblasted,  mild  steel  coupons  that  were  exposed  for  one  year,  oan 
be  made* 

1*  The  combined  use  of  cathodio  protection  and  one  application  of  a  float¬ 
ing-type  inhibitor  reduoed  corrosion  in  the  permanently  wet  zone  to  negligible 
amounts.  In  individual  test  installations  of  the  two  methods,  the  oorroaion  rate 
was  reduoed  by  at  least  70  per  cent  and  was  somewhat  dependent  upon  the  location 
of  the  metal  surface.  No  serious  interference  between  the  two  methods  was  de- 
.  teoted* 

2*  The  oorroaion  rate  of  surfaces  in  the  vet-and-dry  zone  was  effectively 
.  retarded  by  the  use  of  floating-type  inhibitors,  Cathodio  protection  in  this 
area  is  effeotive  only  when  the  surfaoe  is  submerged* 

3*  An  initial  application  of  floating  inhibitor  to  metal  surfaces  In  the 
dry  zone  reduoed  the  oorroaion  rate  by  approximately  99  per  cent* 
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4*  The  addition  of  special  chemical  additives  to  a  floating-type  inhibitor 
did  not  signifioantly  increase  the  protection  in  the  vet-end -dry  or  dry  zones, 
when  compared  with  a  floating-type  product  purported  to  contain  a  wetting-egefct 
only.  Protection  in  these  areas  osy  be  abetted  by  maintaining  the  relative  humid* 
ity  below  the  dev  point  figure, 

5,  After  a  one-year  exposure  period,  the  cathodio  protection  current  re¬ 
quired  in  conjunction  with  a  floating  inhibitor  was  one-fifth  the  magnitude  of 
current  required  without  a  floating  inhibitor. 


RECOM-ENDATIONS 

Although  the  present  study  has  shown  that  the  combined  use  of  floating-type 
inhibitors  and  cathodio  protection  is  effective  in  controlling  the  corrosion  of 
interior  compartments,  the  ultimate  value  of  the  two  methods  can  beat  be  deter¬ 
mined  by  actual  service.  It  is  therefore  recommended  that  theae  or  other  pro¬ 
mising  floating-type  inhibitors  be  evaluated,  with  and  without  cathodic  protection, 
in  operating  drydocks.  Preferably  the  in-service  test  should  be  conducted  in  the 
same  drydock  to  insure  duplication  of  exposure  conditions.  The  efficiency  of  the 
two  methods  should  be  determined  individually,  and  together,  by  exposing  a  suff¬ 
icient  number  of  test  coupons,  both  olean  and  nasted,  in  the  various  zones  of  the 
ballast  compartments.  Removal  and  weighing  of  typical  coupons  should  be  scheduled 
for  six-month  or  yearly  intervals  in  order  to  maintain  prograeeiva  data  cm  the' 
corrosion  rate. 

An  accurate  record  of  costs  associated  with  each  method  would  be  valuable  in 
justifying  their  adoption  for  general  use. 

The  use  of  laminated-plastic  materials  for  anode  support,  and  neoprene- 
jacketed  electrical  cable,  is  not  recommended,  particularly  if  used  with  compounds 
similar  to  the  Type  II  material,  Unplaatioised  polyvinyl  is  suggested  for  use  as 
a  mounting  component  and  polyvinyl  or  polyethylene  are  recommended  for  eleotrioal 
cable  insulation, 
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APPENDIX 

CALCULATION  OF  WEIGHT  LOSS  AND  PER  CENT  CORROSION  RATE  OF  TEST  COUPONS 
A#  Area  of  4-1/4"  x  4-1/4"  x  1/4"  coupons: 


sides  (4.25)2  *  18,06  sq  in, 
edges  (4.25) (.25)  *  1.06 
•••  the  total  area 

=  (4) (1.06)  +  (2) (18.06)  *  40.38  sq  in. 


B.  Area  of  4-1/4"  x  8-1/2"  x  1/4"  coupons: 

sides  (4.25) (8,5)  =  38.125  sq  in. 
edges  (8.5) (.25)  +  (4.25) (.25)  =  3.1825 
•••  the  total  area 

*  (2) (38.125)  +  (2)  (3.1825)  =  82.625  sq  in. 

C,  Tb  calculate  the  inches  of  penetration  per  year: 

- _ _ *  inches 

(density  grams/cu  in.) (area  of  coupon  in  sq  in.) 

yams  lost  *  inches  of  penetration 

(7.83) (16.387  (area  of  coupon  sq  in.) 

1,  For  the  small  coupons  (4-1/4"  x  4-1/4"  x  1/4") 

ipy  (inches  per  year)  ■  ,  grams  lost  =  grama  lost 


ffTffpMaas _ .  =  t&m  ,jget 

128.31)  (40.375)  5.18  x  HP 


2.  For  the  large  coupons  (4-1/4"  x  8-1/2"  x  1/4") 

ipy  »  KT&ma  lost  =  grams,  lost 
(128.31)  (82.025)  1.060  x  1<* 


rapy  (mils  per  year) 


a  Ipy 
10* 


D.  Corrosion  rates  based  on  the  weight  loss  of  control  coupons. 


Corrosion  rate  (%) 


wt  loss  of  control 


I 
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TAB1E  I.  Coupon  location  and  weight 


^Exposure  Zones 

,  Pontoon  Ho.  1 
Typo  I 
inhibitor 

-  j 

Pmtoon  No.  2 
Seowotor  with 
impressed  current 
cathodic  protects 
Aes.  _ _ 

'  J  L  "  ‘ 

Pontoon 
Typo  I  ii 
with  impi 
current  c 
pro tecl 

Bottom  Corners 

(4-1/4"  x  4-1/4") 
Vertical  Coupons  J 

w 

E 

E3323B 

E9MI 

'  V/t  Loss 
(ems) 

Coupon 

No. 

2  ..... 

13.6 

41* 

.42 _ 

5.6 

16.9 _ 

u* 

15 

4 

6.0 

WSM 1 

■BOB 

B*n9l 

mm 

T 

Bottom 

|  (4-1/4"  x  8-1/2") 

1  Horizontal  Coupons 

15 

m 

tftl 

■BOH 

Kffl 

59* 

60 

U 

0.6 

HU 

n  i 

10.4 

19*9 

mm 

1  r  30^ 
v  from  bottom 

J  (4-1/4"  x  4-1/4") 

».  Vertical  Coupons 

1 

■H 

mm 

WTm  ■ 

1  ppp 

1  42> 

3^!*  1 

13 _ L 

3 _ 

m 

PQB 

PM 

27.4  j  18* 

38.5  1  19 

D  ENDS  of  Pontoon 

R  (4-1/4°  x  8-1/2°) 

Y  Vertical  Coupons 

15 

2*3 _ 

3*  1 

_ 2 _ 1 

55.9  i  53* 

16 

m 

mm 

92.0  j  56* 

85.1_ 5  55 

D  Vertical  Coupons 

R  (A-l/Z"  y  8-1/2") _ 

19 

1.0 

20 

i 

72.9  i  22 

Y  Horizontal  Coupons 
14-1/4",  .x.arl/Z"J - 

18 

1.7 

21 

75.8 

23 

*  Coupons  Cathodically  protected. 

**  No  coupons  used  because  of  duplicate  exposure  conditions 
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nd  weight  loss  of  individual  coupons* 


ftmtoon  No,  3  Fbntoon  No,  4  I  Bontoon  No,  5  j  Ibntoon  No,  6 
I  inhibitor  Type  II  inhibitor  Typo  I  inhibitor  j  •  Type  II 
with  impressed  with  impressed  (with  galvanic-typq  Inhibitor 
current  cathodic  current  cathodic 


protection 


rotection 


cathodic 

tection 


- -1 

ft* 

r~ 

** 

ft* 

** 

22 

0.1 

** 

«* 

ft* 

■  -  ..  m  -  ... 

** 

28 

23 

1,8 

** 

** 

** 

** 

29 

TABLE  II,  Corrosion  rates  of  test  coupons  in  varioxis  exposure  zones 


Exposure 

Wet 

Average 

Loss 

(mpy)* ** 

Zone 

Reduction 

in 

Corrosion 

Rate 

(%) 

Wet-and- 

Average 

Loss 

(mpy) 

Dry  Zone 
Reduction 
in 

Corrosion 
Rate 
.  (%) 

Drj 

Average 

Loss 

(mpy) 

r  Zone 
Reduction 
in 

Corrosion 

Rate 

(%) 

_ 1*0 _ 

0 

M 

0 

7,02 

0 

Cathodic  Protection 

i 

72.2 

5.33 

7.02 

0.0 

nmnnii 

mm 

86,3 

1 

i  0.151 

97.2 

0ol08 

98.5 

Type  I  Inhibitor 
with 

Cathodic  Protection 

0.088 

,1 

l! 

97.1  S|  0.122 

98.4  ... 

## 

*# 

MH8HHS 

0.325 

89.1 

0.108 

98.7 

0.028 

! 

Type  II  Inhibitor 
with 

Cathodic  Protection 

■ 

H 

IH 

■ 

## 

*# 

*  mils  per  year  penetration  (inches  per  year  multiplied  by  10“^) 

**  no  data  obtained 
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TABLE  III,  Corrosion  rates  of  test  coupons  located  in  the  wet  zone 


Exposure 

Ve 

Average 
Loss 
(rap y)* 

rtical 

Reduction 

in 

Corrosion 

Rate 

(%) 

Kori: 

Average 

Loss 

(rapy) 

zontal 

Reduction 

in 

Corrosion 

Rate 

(%)  .... 

Sea  Water 

wm 

0 

2.27 

0 

Cathodic  Protection 

0.994 

73,3  .  _ 

0.685 

69.8 

0.83. 

77.7 

0.115 

■RBI 

!fype  I  Inhibitor 
with 

Cathodic  Protection 

0.121 

I 

96 .7 

0.056 

97.6 

Type  II  Inhibitor 

. 0.586 

84. a- 

0.071 

■m 

Type  II  Inhibitor 
with 

Cathodic  Protection 

_-0tlS2- 

__2i a 

0.028 

m 

*  mils  per  year  penetration  (inches  per  year  multiplied  by  10“^) 
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Figure  3.  Typical  coupons  exposed  for  one  year  In  the  vet  sone. 
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Figure  U.  Typical  coupons  exposed  for  one  year  in  the  vet -and -dry  tone 


Figure  5*  Typical  coupon*  expoeed  for  one  year 
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Figure  6.  An  illustration  of  the  difference  in  the  interior  relative 
humidity  of  the  test  pontoons  with  and  without  floating 

inhibitor. 
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0.05 


FIGURE  7.  Potential  and  ourrent  data  for  impressed  our rent 
oathodio  proteotion  and  for  type  I  inhibitor  with 
a  galvanio  anode. 


Figure  10. 

Graphite  anodes  used 
in  conjunction  with 
the  floating  inhibi¬ 
tors.  The  anode  on 
the  left  is  shown 
upon  removal  from 
the  pontoon.  The 
anode  on  the  right 
was  wiped  clean  to 
show  deterioration. 


Figure  11.  Magnesiua  anode  used  in  conjunction  with  floating  inhibitor. 


